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A B S T R A C T
Core-shell Fe3O4/Au nanostructures were constructed using an advanced method of two-step synthesis from
Juglans regia (walnut) green husk extract. Several complementary methods were applied to investigate structural
and magnetic properties of the samples. X-ray diﬀraction (XRD), high-resolution transmission electron micro-
scopy (HR-TEM), electron diﬀraction, optical, thermogravimetric analysis (TGA), and vibrating sample mag-
netometer (VSM) were used for nanoparticle characterizations. As shown by HR-TEM, the mean diameter of
core-shell Fe3O4/Au nanoparticles synthesized using co-precipitation method was 6.08 ± 1.06 nm. This study
shows that the physical and structural properties of core-shell Fe3O4/Au nanoparticles possess intrinsic prop-
erties of gold and magnetite. VSM revealed that the core-shell Fe3O4/Au have high saturation magnetization and
low coercivity due to the magnetic properties. The core-shell nanoparticles show the inhibitory concentration
(IC)50 of 235 μg/ml against a colorectal cancer cell line, HT-29. When tested against non-cancer cells, IC50 was
not achieved even up to 500 μg/ml. This study highlights the magnetic properties and anticancer action of core-
shell Fe3O4/Au nanoparticles. This compound can be ideal candidate for cancer treatment and other biomedical
applications.
1. Introduction
The necessity of modern science and technology in novel materials
with speciﬁc properties increases the interest of the global scientiﬁc
community in nanophysics researchers [1,2]. In recent decades, a large
number of successes and scientiﬁc data in nanotechnology allow a
creation of nanomaterials with required structural, physical and che-
mical properties [3–5]. The ability to control structure of nanocompo-
site can lead to the development of new technologies in the ﬁelds of
chemistry, physics and material science [6]. At present, the nanoma-
terials with multiple functions which can be used for various applica-
tions are of growing interest.
In recent years, inorganic nanoparticles with various compositions,
physical features, and functionalities have been widely synthesized and
used as drug vehicles in order to overcome multidrug-resistant cancer
cells. In recent years, inorganic nanoparticles with various composi-
tions, physical features, and functionalities have been widely
synthesized and used as drug vehicles in order to overcome multidrug-
resistant cancer cells [7].
In particular, core-shell nanostructures are attracting more interests
due to their universal compositions and structures [8–10]. The inter-
action between the core and shell in a nanostructure can lead to new
properties and functions [11,12]. In order to achieve diﬀerent eﬀects
and physical properties, various organic and inorganic compounds can
be used as materials for core and shell nanostructure constructions
[13]. Materials used in core-shell nanostructures and consequently,
their physical properties can make a new class of nanomaterials useful
in a wide range of applications (e.g. nanomedicine, nanooptics, mag-
netic devices, bionanotechnology and others) [14–16].
Core-shell nanostructures can be generated by a sequential two-step
synthesis, in which the core is ﬁrst created and then the shell is built up
[17]. In such process, the uniform coating of the core and the regulation
of the shell thickness are crucial. To achieve this, the charge and se-
lectivity of the core can be modiﬁed by polymers and surfactants,
https://doi.org/10.1016/j.msec.2018.11.008
Received 7 February 2018; Received in revised form 15 September 2018; Accepted 4 November 2018
⁎ Corresponding author.
E-mail addresses: zahra_izadiyan@yahoo.com.my (Z. Izadiyan), kamyarshameli@gmail.com (K. Shameli).
Materials Science & Engineering C 96 (2019) 51–57
Available online 06 November 2018
0928-4931/ © 2018 Elsevier B.V. All rights reserved.
T
